To examine deformations of ultra-thin but continuum liquid film, the long wave theory was employed, which is the time-evolution equation for the shape and deformation of the thin liquid film and includes the surface tension and surface forces such as the van der Waals (vdW) force. By solving the linearized long wave equation considering the vdW pressure and gas pressures at the lubricant surface, deformations of the ultra-thin lubricant film caused by air pressure were obtained. Stability/instability of the liquid surface was analyzed as the growth and decay problem of the infinitesimal deformation of the liquid surface.
INTRODUCTION
Analyses of static and dynamic characteristics of near contact heads considering molecular gas-film lubrication (MGL) effects [1] and molecular liquid film lubrication (MLL) effects are indispensable for designing heads with ultra thin physical spacing between the head and the recording disk. To examine behaviors of ultra-thin but continuum liquid film, the long wave theory [2] was employed, which is the timeevolution equation for the shape of the thin liquid film and includes the surface tension and surface forces such as the vdW dispersion force.
LONG WAVE EQUATION FOR GAS-LIQUID INTERFACE
The simplest form of the long wave equation for film thickness h L is expressed by the following equation:
where γ GL is the surface tension and p dis is the vdW dispersion pressure. This equation can give not only microscopic flow and deformation of the liquid surface, but also stability/instability discrimination. 
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LINEAR STABILITY ANALYSIS OF LIQUID SURFACE
Method of Linear Stability Analysis
Assuming infinitesimal sinusoidal deformations of the liquid surface and linearizing Eq. (1), the time-evolution of the liquid film, h L , can be examined. The infinitesimal deformation of the liquid film is expressed as
where h L0 is the liquid film thickness of the stationary state, k is the wave number of sinusoidal waves and ε<<1. The coefficient s is the growth rate of the disturbance, and for Re[s] <0, disturbances at the surface decay, or the surface is stable. van der Waals Pressure at Gas-Liquid Interface
In this paper the multi-layered configuration composed of 5 layers as shown in the inset of Fig. 2 is considered. The vdW forces acting on the liquid lubricant surface on the recording disk under the slider, given by the corrected vdW equation [3] , is composed of the repulsive force from the disk and the attractive force from the slider. (4) The vdW dispersion pressure at the liquid surface is shown in Fig. 2 for solid-solid spacing h S =10 nm. As liquid film thickness h L decreases, the repulsive pressure against the disk increases. As h L increases and approaches to h S , the attractive pressure to the slider increases.
Growth Rate S and Critical Wave Number K C
The relationship between the dimensionless wave number K (=kh L0 ) and the dimensionless growth rate
shown in Fig. 3 for h S = 10 nm and T'= 0 nm. For h L0 < 4 nm, the liquid film is stable because of S < 0 for every K. For h L0 > 5 nm, the liquid film is unstable for 0<K<K c and stable for K C <K. This is because surface tension makes the system stable. The vdW force from the upper solid (slider) may cause instabilities of the liquid surface, whereas the vdW force from the disk and the surface tension at the gas-liquid interface diminishes disturbances of the liquid surface.
SURFACE DEFORMATION BY AIR PRESSURE
Liquid surface deformations by gas pressure distributions can be numerically obtained by solving the linearized long wave equation for small deformation ˆL H . Figure 4 (a) and (b) show deformations by rectangular gas pressure (P G =0.2atm, pressure width: 75 nm). By considering the vdW dispersion pressure and as the disk velocity u D increases, the deformation decreases.
CONCLUSION
By the use of the long wave equation, the instability at the lubricant surface caused by the upper solid (slider) and the deformation caused by the gas pressure were clarified. 
